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Objectives: to compare angiographic scoring and flow measurements in the assessment of run-off prior infra-inguinal
bypass.
Patients and Methods: in a series of 108 consecutive infra-inguinal bypasses, run-off was scored on the basis of pre- and
post-operative angiograms and related to intra- and post-operative flow rates as determined by Doppler ultrasonography.
Results: there was a highly significant correlation between the angiographic score and flow (p 0.0000), as well as
between angiographic score (p 0.0000), flow (p 0.0000) and the level of distal anastomosis. Flow determined per crural
vessel (quotient of flow to angiographic score) proved to be independent of the level of distal bypass anastomosis (p 0.20).
Conclusion: in this study, angiographic scoring and Doppler flow measurements were equally valid means for the
assessment of run-off. Our system allows an objective assessment of run-off independently of the distal bypass anastomosis
level and provides a functional estimation of run-off.
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Introduction
Infra-inguinal bypass patency and subsequent limb
salvage depends crucially upon the quality of the dis-
tal run-off.1±5 Although, in clinical practice, this is
typically estimated by simply `` eye-balling'' the pre-
operative angiograms, it is generally accepted that a
more scientific, quantitative and reproducible assess-
ment of run-off would be preferable for the purposes
of counselling patients about the likely success of
surgery, and for evaluating different surgical series
and techniques. Several groups such as the SVS/
ISCVS Ad Hoc Committee have proposed angio-
graphic scoring systems.6 However, such systems
tend to be rather complicated for everyday use and
may not take into account the effects of different levels
of distal anastomosis (Fig. 1). Despite attempts deal
with these issues,7 no system has gained general
acceptance or popularity. Here, the evaluation of a
modified system is presented that is practical and
simple to apply to individual patients and which
provides an objective evaluation of the run-off tract
irrespective of the planned level of distal bypass
anastomosis.
Patients and Methods
Patients
The present study is based upon a prospective
analysis of 108 of a total of 111 infrainguinal
arterial bypasses performed between October 1999
and December 2000 (Table 1). In two patients, a func-
tioning bypass could not be achieved and in one
case an above-knee bypass was inserted due to clau-
dication symptoms in the patient's calf amputation
stump.
Angiographic scoring
All patients underwent pre-operative digital subtrac-
tion angiography (DSA) (Siemens Multistar1) using
standard techniques. Post-operative angiograms were
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taken in those cases where surgery had changed
the run-off; for example due to the elimination of a
distal stenosis (Fig. 2 and Table 3, example A/e) or due
to a technical error. Pre- and post-operative angio-
grams scored (Tables 2 and 3, Fig. 2) including,
in case of crural bypasses, the retrograde run-off
(Fig. 2 and Table 3, example B/c1-c2). Owing to the
large number of variations and the complexity of
vascular morphology, the evaluator's general impres-
sion must also be taken into account. Multiple
consecutive stenoses tend to be more severe and
are assigned a lower score (0.3 instead of 0.5, for
instance). Specific lengths of segment closure or sten-
osis in centimetres cannot be given. The same is true
for collaterals. A difference of 0.1 point signifies a
difference of about 10 ml/min in terms of flow per
crural vessel, which is not of significance. In fact, this
slight inaccuracy must be accepted when evaluating
biological material.
Functional assessment of run-off
In the case of autogenous and composite grafts,
bypass volume flow was measured by Doppler
Fig. 1. Angiographic assessment of distal run-off with patent pop-
liteal artery and anterior tibial artery. In the example illustrated here,
the `` ad hoc score'' (optimal run-off 1 point, occluded run-off 10
points) with identical vascular status gives 7 points for popliteal
distal anastomosis and 1 point with crural anastomosis. Our scheme
(optimal run-off 3 points, occluded run-off bed 0 points) allows
assessment irrespective of anastomosis level.
Table 1. Demographic data.
Gender Male 51 (47%)
Female 57 (53%)
Age Median (range) 73 (42±93)
Body mass index BMI5 20 1 (1%)
BMI 20±26 57 (53%)
BMI4 26 50 (46%)
Risk factors Smoking in the last 10 years 36 (33%)
Diabetes mellitus 48 (44%)
Hypertension 63 (58%)
Hyperlipaemia 60 (56%)
Renal failure 34 (31%)
Preoperative
medication
Anticoagulation
Platelet aggregation inhibitor
Nonsteroidal antirheumatic
27 (25%)
44 (41%)
4 (4%)
Clinical stage
before bypass
surgery
Asymptomatic aneurysm
Intermittent claudication
Pain at rest
Necroses
2 (2%)
31 (29%)
11 (10%)
64 (59%)
Proximal bypass
anastomosis
Common femoral artery
Superficial femoral artery, proximal
Superficial femoral artery, middle
Superficial femoral artery, distal
Popliteal artery, below knee
Deep femoral artery
59 (55%)
7 (7%)
13 (12%)
14 (13%)
10 (9%)
5 (5%)
Distal bypass
anastomosis
Popliteal artery, above knee
Popliteal artery, below knee
Anterior tibial artery
Posterior tibial artery
Peroneal artery
Tibio-fibular trunk
Pedal artery
11 (10%)
36 (33%)
24 (22%)
7 (7%)
20 (19%)
6 (6%)
4 (4%)
Bypass material Autologous vein (non-reversed) 91 (84%)
PTFE-vein composite bypass 1 (1%)
Umbilical vein 8 (7%)
PTFE 8 (7%)
Surgeons (n 6) Number of bypasses:
42, 21, 18, 16, 7, 4
Fig. 2. Examples (A, B, C) of the assessment of run-off with different
distal bypass anastomoses (a, b, c, d, e). See Table 3 for explanation.
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sonography (Cardio Med TraCe System CM 2008)
immediately upon restoration of the circulation. In
the absence of any contraindication, flow measure-
ments were repeated after the administration of 20 mg
Alprostadil into the bypass lumen. Post-operative
flow measurement were obtained in all grafts by
duplex ultrasound (ATL HDI 5000).
`` Relative flow''
Due to differences in run-off, flow volumes in different
bypasses cannot be directly compared. To achieve
comparability, the flow value for one open crural
vessel for each patient was extrapolated and the
quotient from the respective flow volume and
the corresponding angiographic score calculated. The
value obtained was termed the `` relative flow'' and
estimated the flow that could be expected assuming
that patient had only one open crural vessel.
Statistical methods
Univariate correlation (Mann±Whitney U-test and
Kruskal±Wallis test for categorical variables, Pearson's
test for continuous variables) and multiple (forward
and backward) regression were performed. Patency
rates were compared with Kaplan±Meier curves and
the log-rank test. Predictive factors concerning patency
were examined with a Cox regression model. The level
of significance was set at p5 0.05.
Results
Angiographic scores for each bypass configuration
(distal anastomosis level) are shown in Table 4.
Median (range) initial intra-operative flow was 60
(12±460) ml/min and following Alprostadil (given in
69% of the procedures) this increased to 125 (18±600)
ml/min. Median (range) flow during the first post-
operative week was 120 (18±375) ml/min (range 18±
375). A mean flow value for each patient was calcu-
lated from these three measurements in time (Table 4).
Different instruments were, of course, used for
intra- and postoperative measurements. Intra opera-
tive values (mean of initial and post-Alprostadil
flows) was median 78 (relative flow, range 23±
408) ml/min, while the median postoperative value
was 113 (relative flow, range 18±400) ml/min. The dif-
ference was statistically significant and thus equally
distributed systemically and in the total population
(Mann±Whitney U-test: U 1526, zÿ3,64, p
0.0003). The higher flow values from the postoperative
measurement are uniformly entered in the total
Table 2. Score for angiographic assessment of run-off.
Angiographic image Score
Each completely stenosis-free crural vessel 1
Each stenotic but patent crural vessel 0.5
Each crural vessel with short distal segmental
occlusion
0.4
Each crural vessel with long segmental occlusion,
depending on length of occlusion
0.1±0.3
Each occluded crural vessel 0
In the case of above knee distal bypass anastomosis
and collateral formation in the run-off bed,
depending on the degree of
collateral formation, additional
0.1±0.4
In the case of popliteal below knee distal bypass
anastomosis and collateral formation, depending
in the degree, additional
0.1±0.2
Table 3. Evaluation of run-off in examples A, B and C, and explanations to Figure 2.
Example Distal bypass anastomosis Angiographic score for run-off after bypass surgery
Posterior tibial artery Peroneal artery Anterior tibial artery Total score
A a Popliteal artery 0.3 0.5 1 1.8
b Posterior tibial artery 0.4 1 0.5 1.9
c Peroneal artery 0.4 1 0.5 1.9
d Anterior tibial artery 0.3 0.5 1 1.8
e Tibio-fibular trunk with stenosis correction 0.4 1 1 2.4
B a Popliteal artery 0 0 0.2 0.2
b Posterior tibial artery 1 0.5 0 1.5
c1 Peroneal artery proximal to stenosis 1 0.5 0 1.5
c2 Peroneal artery distal to stenosis 0.5 1 0 1.5
d Anterior tibial artery 0 0 0.2 0.2
e Popliteal artery with crural jump graft 1 0.5 0.2 1.7
C b Posterior tibial artery 1 1 1 3
c Peroneal artery 1 1 1 3
d Anterior tibial artery 1 1 1 3
e Tibio-fibular trunk 1 1 1 3
In example B/c1, the stenosis of the peroneal artery affects the run-off distally and is thus calculated for the peroneal artery. In example B/c2,
this same stenosis affects the retrograde run-off in the posterior tibial artery and must therefore be calculated for the posterior tibial artery.
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population for the calculation of mean flow rates per
patient (mean value calculated from initial flow,
Alprostadil flow, postoperative flow). As these higher
postoperative flow values lead to uniformly higher
mean flow values per patient in the total population,
differences in the measuring technique led to no het-
erogeneity in the total population. This mode of cal-
culation, however, is only permissible for establishing
a scoring system. For an interpretation of absolute
flow values of individual patients, the differences
between various measuring systems must, of course,
be taken into account.
Correlation between angiographic score and flow
The angiographic score and the mean bypass flow,
were calculated by multiple regression (Table 1). For
the angiographic score, stepwise backward regression
analysis revealed a significant correlation only with
the distal anastomosis level (p 0.0000). For the mean
bypass flow, stepwise backward regression analysis
showed a significant correlation with the distal bypass
anastomosis level (p 0.0004) and with the proximal
anastomosis level (p 0.0006). Flow rates in relation to
the level of proximal anastomosis are shown in Table 5.
Univariate correlations between angiographic scores
(2 45.28; df 3; p 0.0000) and the distal bypass
anastomosis level, and between the mean bypass
flows (2 23,74; df 3; p 0.0000) and the distal
bypass anastomosis levels are shown in graphic
form in Figs 3 and 4. Univariate correlation between
the angiographic score and the mean bypass
flow was also highly significant (rank
correlation: r 0.77; z 10.35; p 0.0000); the outcome
is graphed in Figure 5.
Relative flow
To calculate mean flow per crural vessel (`` relative
flow''), quotients from mean flow values and angio-
graphic scores were determined; the results are listed
in Table 4. Correlation analysis showed that the mean
flow per crural vessel is independent of the level of the
distal bypass anastomosis (2 4.66; df 3; p 0.20)
(Fig. 6). Stepwise backward regression in the multi-
variate analysis also showed no significant correlation
between any of the factors listed in Table 1 and the
mean flow per crural vessel.
Table 4. Angiographic assessment of run-off and corresponding flow rates in relation to the level of the distal bypass anastomosis.
Distal anastomosis n Median (range)
Angiographic score Mean bypass flow, ml/min Relative flow per crural vessel
Popliteal above knee 11 1.5 (1.4±3) 180 (84±295) 113 (56±166)
Popliteal below knee 36 1.8 (0.5±3) 162 (86±455) 94 (51±350)
Crural 57 1 (0.4±3) 90 (18±355) 97 (10±320)
Pedal 4 0.6 (0.3±0.9) 69 (47±132) 132 (98±199)
Table 5. Flow rates in relation to the level of the proximal bypass anastomosis.
Proximal anastomosis n Median (range)
Angiographic score Mean bypass flow, ml/min Relative flow per crural vessel
Common femoral artery 59 1.5 (0.5±3) 155 (18±455) 104 (36±350)
Superficial femoral artery proximal 7 1.5 (0.5±2.5) 161 (47±268) 113 (31±186)
Superficial femoral artery middle,
and Deep femoral artery
18 1.0 (0.6±3) 106 (58±222) 93 (50±151)
Superficial femoral artery distal 14 0.7 (0.4±2) 60 (20±131) 80 (20±171)
Popliteal artery 10 0.8 (0.3±1) 49 (23±144) 86 (26±199)
Fig. 3. Correlation between angiographic assessment of distal run-
off and the level of the distal bypass anastomosis. Anastomosis
level: 1popliteal above knee ( 11), 2popliteal below knee
(n 36), 3 crural (n 57), 4pedal (n 4). (Kruskal±Wallis:
2 45.28; df 3; p 0.0000).
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Secondary cumulative patency
The median run-off score of the entire population
was 1 (range, 0.3±3). To evaluate the scoring system
with regard to patency, the population was divided
into two groups. The first group (n 55) consisted of
patients with a run-off 41 point; the second group
(n 53) consisted of patients with a run-off 1 point.
We compared the secondary cumulative patency of
both groups with Kaplan±Meier curves (Fig. 7). The
secondary cumulative patency in the first group
(run-off 41) was 98% (+1.9 se) after one month and
83.3% (+5.4 se) after one year. The secondary cumu-
lative patency of the second group (run-off 1) was
87.2% (+4.5 se) after one month and 65.6% (+6.6 se)
after one year. The log rank test showed the difference
between the curves to be significant (p 0.027). In a
Cox regression model, the run-off score in conjunction
with factors relating to a predictive association with
the secondary cumulative patency was examined
(Table 1). The Cox model (w2 27.50; df 15;
p 0.025) showed a significant outcome for the pre-
operative clinical stage (p 0.024) and for the run-off
score (p 0.037); all other factors were not significant.
Discussion
The quality of the run-off has a major influence on
primary and secondary patency rates and, ultimately
limb salvage, following surgical and endovascular
revascularisation.1±5,8±10 The, as yet unfulfilled, need
for an quantitative, reliable, reproducible and prac-
tical assessment of run-off has already been discussed.
The aim of this work was to develop a scoring system
that could be applied to all infrainguinal bypasses. In
order to achieve broad applicability, we intentionally
selected the most heterogeneous patient population
possible. While one could optimise each individual
crural vessel in the run-off tract with a vessel-specific
correction factor, as suggested by Peterkin,11 this was
rejected because of the inherent complexity. As early
graft function is likely to be as, if not more, important
than angiographic morphology in terms of graft
patency and limb salvage, it was decided to include
bypass flow. As expected, the more distal the outflow
anastomosis, the lower the angiographic scores and
flows. Of course, even when the anastomosis is at the
popliteal level, where there is `` single vessel run-off'',
Fig. 4. Correlation between mean bypass flow and the level of the
distal bypass anastomosis. Anastomosis level: 1popliteal above
knee, 2popliteal below knee, 3 crural, 4pedal. (Kruskal±
Wallis: 2 23.73; df 3; p 0.0000).
Fig. 5. Graph of the rank correlation between the mean bypass flow
and the angiographic assessment of distal run-off (Pearson: r 0.77;
p 0.0000).
Fig. 6. Correlation between the mean bypass flow per open crural
vessel (`` relative flow'') and the level of the distal bypass anasto-
mosis. Anastomosis level: 1popliteal above knee, 2popliteal
below knee, 3 crural, 4pedal. (Kruskal±Wallis: 2 4.66; df 3;
p 0.20).
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the graft is functionally at the crural level so that the
angiographic score and flow rate are low despite the
higher anastomosis level. This explains the wide
diversity of angiographic scores and flow rates in
cases of proximal anastomosis levels. However, it is
also quite possible that, with a crural bypass anasto-
mosis, run-off can be retrograde via a second crural
vessel that is still open.
In the multivariate analysis, both the angiographic
score and the mean bypass flows only correlated sig-
nificantly with the level of the distal anastomosis. This
may seem surprising at first, since traditional risk
factors such as smoking, diabetes, hyperlipaemia or
hypertension might be considered to have a statistic-
ally significant effect on the angiographic status and
the functional quality of run-off. However, all these
factors are redundant compared to the factor of the
distal anastomosis level, which means that their infor-
mative content is anticipated by the distal anastomosis
level. Nevertheless, the risk factors do determine the
progress of vascular disease and, due to their effects,
eventually lead to the vascular status that requires a
given anastomosis level.
In the present study, flow and angiographic score
behaved in an identical manner and were highly
correlated. However, we consider it essential to cal-
culate a mean flow per crural vessel (relative flow)
because such values are independent of the distal
anastomosis level and all other factors. The analyses
show that the mean bypass flow and the angio-
graphic score calculated according to our system
have the same value in characterising the quality of
run-off. The individual measured flow rates were
surprisingly variable and we therefore considered
it appropriate to calculate and use a mean value
from the three measurements taken. This view is
supported by the statistical analysis.
No scoring system will be able to accommodate
every patient and the assessor has to decide how
many points to award according to the length of occlu-
sion in cases of segmental occlusion, and must exer-
cise his discretion when estimating and assessing
collaterals. A slight inaccuracy in evaluation is inev-
itable. The quality of an efferent pathway can only be
approximately evaluated. Images of vascular morph-
ology and pathology are as diverse as individuals
themselves. Any attempt to achieve mathematical pre-
cision is bound to fail. When measuring flow, it is not
significant whether one measures 173 or 197 ml/min.
In flow measurement, it is of no importance whether a
stenosis or collateral is given a rating of 0.1 more or
less. However, a difference of 1 or 2 points does count ±
just as it makes a difference whether one instigates a
flow of 40 or 120 ml/min through a bypass. When
applying the present scoring system, it is important
to take significant interval units into account.
The Kaplan±Meier analysis showed that run-off sig-
nificantly influences long-term results after bypass
surgery. Based on the Cox model we proved the
importance of run-off for long-term patency. A scheme
gives the examiner an approximate idea of peripheral
run-off. The indications and procedures still must
be decided separately in each individual case; there-
fore the freedom of individual decision-making must
be ensured and provided for. Schemes can only serve
as an aid. The present angiographic assessment
scheme is proposed for preoperative estimation of
run-off.
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